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(54) High-purity copper sputtering targets and thin films 



(57) There is provided copper targets for sputtering 
capable of forming a deposition film with low electric , 
resistance indispensable for high-speed operation ele- 
ments and also with excellent thickness uniformity, and 
such thin copper films. A high-purity copper sputtering 
target is characterized by comprising up to 0.1 ppm 
each Na and K, up to 1 ppm each Fe, Ni, Cr, AJ, Ca, Mg, 
up to 5 ppm each carbon and oxygen, up to 1 ppb each 
U and Th, and, excluding gaseous constituents, more 
than 99.999% copper. Preferably the average grain size 
on the sputter surface is 250 u,m or below, with its dis- 
persion within plus or minus 20%. 1(1 1 1)/l(200) of X-ray 
diffraction peak intensity on the sputter plane is at least 
2.4 with its dispersion within plus or minus 20%. 
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Description'* " " ' 

[Background of ;the invention] . ... . - - •- >. r u:.v..cio * 

This invention relates to 'a high-purityxopp'e? sputtering target for the manufacture of thin film deposition materials, : 
on semicortoctors'.as jn large scale "integration and relates -also to a thin, high-purity, copper films, of loyy-resistivity..-,, 
obtained by sputtering with such highijurity cbpper" sputtering target. v - " - • '• •- v r '- • »'•.:*.-. ■' ! r . " ( r 
Aluminum or aluminum alloy (e.g.. silicon-containing aluminum) has -commonly been used as a wiring matenal for 
semiconductor integrated circuits ; and the like! However.-such materials are presenting problems, including increased. - : 
10 resistance value and electromigration of wirings due to the recent tendencies toward higher degrees of integration 
which results further miniaturization of elements and the-wirings. There have been some attempts to replace aluminum _ 
by a refractory metal such as molybdenum or tungsten, but their greater specific resistivities are a drawback. 

Attempts'have'al'so been made'to use copper in place of aluminum to take the advantage of its lower resistivity and 
greater resistance to electromigration. Nevertheless; : pure copper can hardly be employed as a wiring material because 
is it easily oxidizes and is highly reactive with silicorfand silicon dioxide films..ln the research for the development of copr- 
per wiring materials, therefore, emphasis has been laid on an improvement in the oxidation resistance of copper by the 
controlled addition of another specific element or elements. Most of the researches are directed to the coating of the 
resulting thin film with an oxide (or nitride) of the added element so as to prevent further oxidation of the film under the 
coat " *m*-.x>*,icr.' ss^ryri _t -:-o5 ,>■-,:! *o af-aw ..r-wo: - .fCL-'S} s '.ow 3 ./ .v'i -„-<:- c <.. . 

20 For example. Japanese Patent Application Kokai No. 64-59938 proposes a method which consists of depositing a 
wiring pattern of an alloy of copper and at least one element chosen from among Ti. Zr. Al, B. and Si.-and annealing the 
deposited wiring pattern in a nitrogen-containing atmosphere whereby a substance that forms the alloy with copper is 
diffused over the surface to form a nitride barrier. ..is'o'.. . -.^ t or v. ,-,Y. ^ •- .. 

Patent, Applicatjon^Kokai No?6-177128 discloses a thin film" wiring- material, of a copper-alloy containing 0.02-20 =. 
25 atom% Al or Si. The alloy islwidlzeci "td'form ah oxidyfiim ih'which : AI=6r SKis diffused and concentrated on the wiring . - 
surface so as to enhance the oxidation resistance of the surface. -' -'-in -rs ot . : r o ic .: •; o ' ; ^ 

A major problem common to the abovementioned methods is an increase in electric resistance by the addition of 
another element An increased electric resistance retards signal transmission and adds to the power consumption. For r . 
this reason it has been necessary to put an upper limit to the proportion of the additional element. so that the electric 
30 resistance is as low as that of pure Al. i.e., 2.7 ji ft • cm a less. .;0i>:\L .»'•'. ?u r.^-i pv-.v'-i .. 

As noted above, the efforts to make use of copper as a wiring material have depended largely upon the addition of 
a specific element, and few attempts have been -made to "use pure copper itself.: However; the recent progress, ladeywe ,~ 
structures and barrlir"maVe'rials ;; are v altering the situation.- For one TthingwwoaerhCtechnologies, including ; chemical - 

• ■ ■--•'--»■■ "5f devices with seemingly low coa- 

new barrier materials exclusively 



mechanical polishing (CMP) have simplified device construction and enabled the tise'df 
dation resistarice^rixcWr&TS^ 

" ~~- TZO n '- - ' ' • - ' - - 



aauon resistance accoraing-^uiuinai y ~- ■ — ",— : ■ .. . . 

designed for ccpBe-r rias raised pure" copper to tf levelliigh encughfor practical use as a wiring material. > • . ... .. 

Under these' cir^mstaffoeslhe wiring deposition of pure copper that had been regarded as-almost impossible is 



now rapidly gaining practicality^ ^ ■ 

In reality however the past scanty research oh wiring depbsTtioTTof p'ure copperhas given little impetus to the stuay 
40 of the corxjitions';reluir ! eaVof''copper wiring matenal?'especially as-a-material forsputtering target,..lt should be pointed 
out above ah^tnatWc^el sputtering targefhas^been developed which has low enough electric resistance for the 
element that performs high-speed opeWon for a computer orWliKe'arid:which is capable of forming a thin film wrtlv 

excellent thickness uniformity 0 ' -\ °r y/ " " -'-^ ^< ^ Q^:^ ;• -.1: ^ * -x ^>z , 

- . ,;: :» ,>:o^r>s^ sc >z j.t* ;i .•' )^ ,\\ c;3 c;i^.T;ei5 ^■srn ir.^ rious cais 3.r.ifrr/-3 = 9v\ ~ -\. i }..^ 

45 [Object of the invention] t . i( .r,tc«~ *r. ~u . . 4 r \.c>-vr - 7 : ?_■ * ^-.3 

v^.;i--'?r^ or: -'-U, '-*'\ ^ \-yr-, *; rr r.< yics-;aV..»r'j l-^o 00; n~Qv\n irr io-r n 1:. -? ;Jj 

It is an object^f^e £resent"invention to provide copper :sputteVing targets capable of forming wiring. deposition. , 
films having excelleRt'thitkr^ess uniformity as well as the loW^eiectfi^restetance essential for high-speed operation ele-; 
ments and also provide such thin copper films. 
so ' 



[Summary of the'*irwe L ntibh] - " " in 3 3: "' w,!< ' ■ = s»:s-« o' ~. -..v-f.-:- c .r!ivc!.B c-~ ^-bb. 

After an intensive research. the"p1-esertlrwentdrs^v«'Ti<>w-fc^ that, in order torproduce a film j-of ;low>nough „ 
electric resistance. ? the" ! impurity' ^cbntentslrJ'the target-must be kept beiow;certain numerical ryalues.-lt .has also been ; , 
55 found necessary to limit down to certain levels the proportions of the elements that, have been, added for..allpying r pur- Mi 
poses and 'if the : uniformity of film thickness is'to be attained ; 3he dispersions' of grain size and crystaljinepneritation of,, 
the target '.mu.9t be cpntrblled? 3 ]\; ' ' r '"'-. ' ^ • ■ -'• ^ - • ^"r. <• o. :r.? 

On the basis of thes-e't iridih'gs. 'thte ; invention provides:'':' 25- ^ ' . r-p.,-,: /.-, r.- • — ' o- a'r ■ ^- . ; 
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1 . A high-purity copper sputtering target characterized by comprising up to 0.1 ppm each Na and K, up to 1 ppm . 
each Fe, Ni, Cr, Al. Ca, Mg, up to 5 ppm each carbon and oxygen, up to 1 ppb each U and Th, and, excluding gas- 
eous constituents, more than 99.999% copper. ^ .-..-„-,., 

2. A sputtering target according to 1 above wherein the average grain size on the sputter surface is 250 jirh or below """ 
5 and the dispersion of the 1 average grain size fromjocatipn to location; -is withiqplus or .minus 20%. t . 

3. A sputtering target according4o 1 or 2 above wherein t[iefatip,.J(1 a 1 i 3-) /J(?Q0), of th'e.X^ray ^tifffraction peak ihtervj v 
sity 1(1 1 1) on the (1 1 1) plane to the X-ray diffraction peak;intensfity-4(2p0).on ri the (200) plane'1s'dtJeast/2'.4 ah^^tfle. , ^" , ' 
dispersion of the ratio 1(111)71(200) in the sputter: strface is whhin plus or minus ./ e 'V^V V * : . 

4. A sputtering target according to any of 1 to 3 above wherein X-ray.diffraction peakwidtfi at hajf height in the sfjut- 
io ter surface on the (111) plane is : 26 ^ 0.3 deg.?=»bn*Dr«*r - . ^ -..^ v :r ... . 

5. A sputtering target according to any ofcT to 4 above wherei/vit alspcContains up to 5 ppm. each Si, Ag, 7], Zr, Hf, 

and B. - -«»v?vn.; g s :>\Y>z$'te -s:«eig v&M \ ,ri ..--j.'Bgriu: \o 'r*i:r.r- ^, r r - i — ; ^-c.S f ' r- 

6. A sputtering target according;to any of teto 5 above 1 wherein,; jt has an elecfric- resistance of 1-9*1 0 • cm or less. / 

7. A thin high-purity copper film characterized by an electric resistance of 2. 6\i O ,*,,cm or, less produced t by sput- . ^ 
is tering with a high-purity copper sputtering target, according to any of ^ to-6- above. r y . ^ v - ^ 'I " ,.' : \" 

- .. . ; -ar^jo to ^r.^^as* fk^bixo yri? rvf j.-;^movov:irni r;6 no f-fil r.$*a esrl ci? r,.-^? .*vr ■ W^-- 
Brief explanation of the<lrawing '^roerb <-v> asri^sr ;tei or-:* :o ;?'j-,v. .^p-; -els n ii^n^is f; v v , "... . '-V^s >. 

"* ' & ' :/UJ m »- ef '* ^ noi'jbuc ^ -^t rrvi^^ :v ^ 0 'r rov bbs *rii to -ihh^vj] ■ -T * '~ - 

FIG. 1 is a schematic view of a target, showing points of sampling for the investigation of hs cnaracteristics. 

Embodiments of the invention *3 boa ,E .!A .\r rpo~s -vc ji n*e:rL.-;ri5rrs ano??39i -obnB i«^o^ ^voiipV^ ; • ^ ^ - "> 

The invention will now be described in detail. .-^hn&d -b^tirr s rr^-s c* ^ * * - V 

The high-purity copper sputtering targeteof this inyentipn has an inip^rrty contem 5^ \ ; c 

25 In order to ensure the reliability of pen^rmaTOe^of^ -semiconductor deyice-forrT^ by sput^^ffli^aC.^^JI^ JiiTl|30irt£U^*%a» r '. 

minimize the proportion of impurities deleterious to semiconductor devices. Particularly deleteTOusljmptiriti / ' 

(1) alkali metal elementssuch as Na and K;sn.5 toi? ? k :i .r. ^ y ,, z . ~. ^ Vl^ . , 

(2) radioactive- elements-sUch as U and:Th;;andj 1c noiJioc^q -v ^c^j .-^ - y. " , 'S' 
30 (3) transition metal elements such as Fe, Ni, and Cr. ^50! 0 rr : * Vj x s „:%.f . ■ -,*-., , c . » 0 ' , . / 

Alkali metSl^ements^sQeh^Na' and-K ace-:especially diffusible, and migjate easily through ^ a jnsulatibn fflm, with 
the possibility of causih^deterib sho'ukJ be lim- 

ited to at most 0.1 ppm each, 'preferably 0302: ppm^acfecr^ bns noL 4 Du-s5sr.ee o:>iv; I ^IMlq^e e ".-sri j " sr. ^ - 

35 Radioactive efemehts such as U^and Th emit alpha rays-which ^n be^^espo^ ] ' 

elements. That is why their propoYtion should be severely controlled, to Vppb or, (ess, preferaB^ - 

Transition metal eremeritsJsuch as Fe„ Ni, and Cr^top can pause troubles of interface c£n~n^ 
portions should be 1 ppm or less, preferably 0.1 ppm or less. each. 51 T "1* 

Besides these elements, "particularly those hacrjifuLtpis^miconductor elements, ojher impucfties mjjsf also be min- 
40 imized. Generafly, electric resistariceisa furtctionof tberiTOpurjtyJeyel ar^ the s the irnpurrty cohf^rt theiowerthe 
electric resi&iance.~Thusf in order to lower the e1ectrie ; fesistance,^ ^?fCtfi© D ^^'cd^l o| ' 

producing^ sputtering targ et and bther^considerations.ar^ iakemntp ac^punt c rt..would be of great pr^dtical valu^ to jb&n- ^ ' 
trol the impurity level so that the resulting thin film shows an electric resistance below 2.0 p CI • cr^.^^^^ i \J"] t . 
Thus not only the heavy metal elements but also such light metal elements as Ai, Ca, Mg must be reduced in 1 pro-'' " 
45 portions, to 1 ppm or less, preferably 0.1 ppm or less, each. iV ^ nav . r , ; ^ 

Gaseous ingredients such as carbon and oxygen too are undesirable in that they increase the electric reaslahce 
of the resulting film and have adverse effects upo^^be surface jppnfiguratiqn of theiilm. The .carbon. js included herein ; 
as a gaseous ingredierif sinGe it Is a^gasif iable ingrjedi^nts Tfeejf> .qontente should be Kept to 5 ppmpr1ess, } pcef^raply i 
ppm or less, each. ^ lT ^ ,.- :03 ( :y ^ ' * ■ kr « • 

so Research has suggested the desirability of minimizing also the proportions of Si, Ti, Zr, Hf, B, and Ag that have ' 

been often added as alloying elements, for the sake of reduced electric resistance. Their proportions |^pukl be 5 ppm 
or less, preferably 0.5 ppm or less, each. 

The overaii "coppeVpurfty! e*cluding:the gaseous,ingredient%r?fepu!dj3eat least.99.99?%. rt .,,_.^ ;; ^. ^ y ^ ; . t 
For tHe uniibTmifyin%icknessiof the film that isrforrn.ed by^spujttering. iit is essentia . 
55 crystalline grain size'ahcl briehfation^ofrthetarget/n^^ele ori; )o snyihoqcq 3-1? siovsi rwob "ir^i A* v ■'"-■■iv 

As fortne gVain size? : Both;t-Re'average grain size in theiSputtpr^surfa^e and^e^va/iatipn o*;^^ ^^#rat9? tiraj" v ^?^*' '/ -1 . 
from location to location influence the uniformity of film thickness. If the average grain size is Qrea\^f!^at} 25Q \im, it'is " 
no longer possible to limit the average dispersion of film thickness on ; an ^in c wafer.to 2.Q,cf le^^lo^tiorial yariatioh 
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in excess of 20% is undesirable either, because the average : dispersib'n of film thickness exceeds 2.0 even though- the*;, 
average grain size is below 250 pm. Thus, an average grain size in the sputter surface of 250 um .or below,:.and:a loca-r 
tional variation in the average grain size of not exceeding plus or minus 20% are requisites for the realization of fim 
thickness uniformity. - , -" , -;T > ■. 

On the other hand, crystalline orientation too has similar influences upon the uniformity of film thickness. The Joint 
Committee;;of Power Diffraction- Standard (JCPDS) reports that a wholly'random orientation gives an X-ray diffraction,' 
peak inten$ity*l(1 1 1)/I(200) = 2.08. Investigations by the p'reseht inventors, -however, have revealed that intensified cn\ 
entation in the (TT1 ) plane rather thanwhoily random orientation produces better film thickness uniformity. The reason^ 
is as follows.' " ' ' i:t = tiX ' :vu " BjC: T c ' : ' : ^' !; -- - < : r < " ^ ■ - 

The sputtering rate depends oh the plane of orientation. 1 The sputtering rate thus varies from location to -location 
where the orientation is at random, resulting in less uniformity of film thickaess'than with the orientation in a specif tc - 
plane. In the case of copper, the (1 11) plane is the densest of its crystallographic planes, where the density of the sput- 
tered atoms released is higher than in the other planes, leading to superior film thickness unrformity. 

An average dispersion of film thickness of 2.0 or below can be realized when the ratio, 1(1 1 1)/l(200) t of the X-ray 
diffraction peak intensity 1(1 1 1) on the (1 1 1) plane to the X-ray diffraction peak intensity 1(200) on the (200) plane is at 
least 2.4 artd;the'.diispersioh of the ratio 1(1 T1)/i(200) in the sputter-'surface is within plusor minus-20%^ 

A workdfefd'rrned layer of the target surface is another factor influencing the film deposition characteristic. The term 
"work deformed layer of the target surface* is used to mean a layer of the target surface with fractured crystallinrty qr £ 
microcracks and other flaws formed under the pressure of a cutting tool during machining (usually on a lathe). The pres- 
ence of a work deformed layer is known to have unfavorable effects; e.g., instable deposition rate. increased)fiim resist- 




lining each target 

expands the half width of X-ray diffraction, the present inventors estimated the volume of the deformed layer preswt 
from the X-ray diffraction peak width at half height. It has been found as a result that, if a favorable deposition perform- 
ance is to be secured, it is necessary that the X-ray diffraction peak width at half height in the sputter surface on the 
(1 11) plane be 26 si 0.3 deg. ^ 

Such a high-purity copper target with a minimized impurity' content and outstanding fiim:thickness uniformity as . 
described above can be made in the following way. c ^ r - Cr r ' ,fn C; — --^ ^- — :>-o.-vv- ?' -.r^o :. 

Ordinary electrolytic copper is electrorefined in a batfrbf sulfuric acid ^nitric acid. to reduce the impurity content ( 
and attain a high-purity level of at least 99.9999%. The copper is then vacuum induction melted and a high-purity cop- 
per ingot is obtained. The ingot is hot worked by hot forging, hot rolling, etc.. cold worked by : co!d ! roiling, , cold forging,,^ 
etc.. and then heat treated. Hot working to a working ratio of 50% or more, cold working to a ratio of over 30%, and heat 
treatment at 350 : 500°C for -1-2 hours are desirable/ The^ working"^ indispensable ford estrcying -the cast structure 
and refining and adjusting the ingot to a structure of equiaxed g7aih<3.-©nce the'caststructure has been destroyed, cold 
working and heat treatment are carried out under strictly controlled conditions to refine the grain size and control the 
crystalline orientation. The cold working ratio influences the grain size after the heat treatment, and. the greater the 
working ratio the finer will be the grains to be obtained. It is effective too in attaining a crystalline orientation as desired. 
Meanwhile^ the material begins to harden owing to work hard'e"ning"as 4he iworking .ratio increases. The hardening, 
beyond a certain level ian'dause cracRing during the course of working.' For these reasons the cold-working ratio should . 
be at most about 90%. The temperature and time for the heat treatment have certain bearings upon the grain size after r 
recrystallization. Proper choice of heat treatment conditions renders it possible to obtain a copper plate having a 
desired grain size. A too low temperature should be averted because it would effect insufficient recrystallization. arfd^ 
produce a structure not thoroughly freed from working strains. Too high a temperature, on the other hand, induces grain 
growth whicrfcoars^Ws the try stal'i rains. Tfie tirhe T foV)heat treatment has^i ess* significant influence on the structure. 

and, takiri'g the 'p^ ■■ - ; • 

Following the heat treatment, the copper plate is lathed ©^otherwise ^machined to a targetshape. The machining 
conditions must be carefully controlled since they dictate the formation of a deformed layer in the final product. Recom- 
mended lathing conditions are: turning velocity, 40-80 rpm; cutting tool feed, 0.1-0.2 mm; and depth of cut 0. [1-0.2 mm.: 
Machining conditions are correlated with productivity, and high-speed operation is beneficial for productivity but dan 
lead to the inclusion of a deformed layer. Hence the above-mentioned conditions are desirable^ -The popper^plate r that 
has been machined to a desired shape is then bonded to a backing plate and is ready for use as a sputtering target. 

[Examples]. , , 

The invention is illustrated by the following examples land'corhparative examples.: *ib nn&i :0:r, c-n: u^^.-.c-' 
I n Examples^ -4'and Comparative Examples 2-3,' targets were .made*each from a high-purity copper ingot obtains! 
by electrorefining an electrolytifc : copper in a nitric acid bath and then melting by. vacuum induction. 'Comparative Exam- 
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pie 1 represents ata'rgetm&deifrom a low-purity. copper ingpLTTiejtargets were in the form of a disk each, measuring 
12.98 in. in':diarnetetfand'6:35.mm thick:: a . - : , ^^.o- i~J:> r..^-.^ c.r i:t ^ r _ f: . v , ^ 

(Example 1) Target A -:i t v 

Electrolytic coppen was electroref ined in anitric acid, bath.with anode and cathode separated by a partition film and^ 
was vacuum melted td make a high-purity copper ingot(157._m.rndia. and 60 mm thick). The ingot was heated to 600°C W 
and hot forged to dimensions 190 mm dia. andi4Q jrim itiick. It was ( again heated to 600?C,and rolled to 265 mm dia ri , \ \ 
and 20 mm thick. Following this, it was cold rolled to 360 mm dia. and 10 mm thick and then heat treated at 400*C for 
w one hour. Trie work was lathed to a disk shape 1 2.98 in,:digt, ; and 6.35 mm thick.- and the disk was bonded to a backing . . " ,.' 
plate to complete a target. The conditions for-lathing were: turning yelocityJ70 rpm; depth of cut, 0.15 mm; and cutting _ 
tool feed, 0:12 mm. - \ '^ r * s - : t . v ,~^~slo :w*~:-^oo\\i?i&c^ ^ ' ? o ;^ >n~.r cri' ?' 3- -r*c /: " " ' 6 ■ - c V- - ~'\ . 

y'h. .f/si.-. . >2S*i>-.;rt 'nfi? i jhac^ or Qrvbr^: , i^r^iq -se. -a ' - -.; »t, - - ';•'-* ? y ^ 
(Example 2) Target B \0' V cm;*..- &t; nc*^w ^siUs'. &d r^D wotec? >c 0.S ;<. .o .r?...;-. .. ~ - • 1, t ^ 

15 ^ t--- \V \ : c- '..;C'>; Y%u..ni >:eb:? no:roji"i**:b v^X ^i;r; vu-o ' ! '.a* : ■ . \ ■* 1 

The same ingot as used in?Example 1 ; was- hot .rolled at-600°G to dimensions 300 mm dia. and 15 mm thick and ^ . r . ^ 
then cold rolled to 360 mm dia. and 10 mm thick. The.resulting plate .was heat treated at 400 o C for one hour, ancl undt»£~ 
the same conditions as in Exampletl ,*a target was made^o ^y t; r-n>:;ro bs.*ij z\ ~ ci'^uB -si*- * , ~^rr- 

20 (Example 3) Target C ^-^nt .c-ibi no:; -swb ^fei^i ;r..m:e ^rjg-iOvBtrvj evsh nwcvv: b. ^ v h! :^ ^i.^'r rr. 

Starling with- the ingot of Example Tvlhe process steps of Example/I were fblldyved dovip to" cold rqi r iiog^^^ v rojled , . „ 
plate was heait treated at 550°C for one:tx)ur and then subjected^o the same machining ^nditions.asllfT; Example 1 to ; ^ ; 
make a target/ K - « ^>'' *o :**"iu»ov ^rit t&iztrtVsd& s*fo;nevn; to-^q shj ,noirD»i^;b y; : \'X t.-- rl'h!v. -^v ■ 

(Example 4) Target " ^ ' '. ' -is.-: I; .^^v ::ri^ vs'i-X •••^-,>: ■-):,• ; ?v- ■ - - 

The same ingot as used-in Example 1 was hot forged, cold rolled, and hot rolled under the same conditions of _ 
Example 1 to obtain a disk-shaped copper plate 360 mm dia. and 10 mm thick. TTjis coppen pi ate .was lathed at^a speed ' 
30 of 70 rpm, cut of depth of 0.4 mm and tool feed of. GStracn loathe ; shape of a target ^ , . " ' \ . , . ■ 

(Comparative Exarrple^1> Target Ex J 1>:3.>- 8 '^^ bio:? ( .^nilb-, ion .Qnr^iot ?cr! \d oi.^ : ^ „ (i r., ; , v \ 

-" n3 - c ^ c: onix-iow bloc ,*ton o^ot ?o oi s". on'.^ow £ fc ; .:■ . *v^-f -...h ; ^ " 17: 

From a copper ingot "obtain ed by^cuum^rnducSioni rn elting^ arv e|ectrolytic ) cppper witfi a purity of 99.^5%.' a target 
35 was made following ^exactly the same process stepsr as-juS^rifh^amplft J s > 0 0 , , J:0L ^ c> ^. nr ,| |.^.. M , ^ . 

• , ^ o: " [■ - 5 nl jr» s-??-;oj s.-oiiicn:D osllc^oo \;t-h:s ribnj boir^^^j^^I^ 
(Comparative Example 2) Target^Fn^^r • .;-ri e;'J eri^ n:B .q *;->or. 9 ^ n > uv; ^ ^ qr - r n ^. rr .^... ,. . . ... 

The same ingot of the 99.95% purity ^ used ^iCompaf^tiye.Example 1 (157 mm dia. and 60 mm .thiqk) was hot 
40 rolled at 600°C to a size 360 mm dia: and:1:0immthick.oVvlttiqutii subsequent heat treatment, the work wai. lathed ; under 
the same conditions as in Ex'^mpter}1 s: to mate.adait|0tri .Vi^m!^^ ;:.,orf a-i? c ^"^ ... - =-T : -;. -* 

(Comparative Exarnple"^) TargetG^u^-i n^tie biuow :l 93u£2cci b^nevs c-^i c'\c:r--\^r.e: wo! V > ^ 7 

45 The ingot'Of the'<99;95% purity as usedi in.iCohaparaitivjB. .Example 1 ■<057.mm dia. and 60 mmlhick)' ^s^otVqlled J 
at 600°C to dimensions 265 mm dia. and 20 mmithickand/then^pJdjolled ; tQ and 1Q m^.'^^.^^hput^a'. , 

heat treatrnehYbut under^the same conditions as JG-rExample;fcthe work .was .-lajhed.tp a target |t , r . tc ^ . . fl ^ - 

Quantities^of impurities 0 - c ~c;st: bn^ ;nvn S.O-r.O iool pninuo r ;n-r r.^.r>& vtoo'e*- r'<-.^- - ■-. --ia-ir*.- ■ :^ -1- ^/ 
so Yii l/; r:..--X'^ ic^ !sion~--9d a» noi^isqo be c-qs- rigid bn£ .yt-iviro^-o-^ '■ b^>-^'^ o'^ r'-v?; - f 1 - 

The quantities' of irnjbUrifies^re^fistecfcin-Tabte 4nco Loonoitn^rn-evo-j't 9:1? : = J ; — » 3 - • - ^, 

Target characteristics 

ss ihe above-mentioned Targets A to G had grain sizes with dispersions and diffraction peak intensity ratios of the 

(111) plane and the (200) plane with dispersions as .shGWJ^njTgUQj2 fi&t q :? , B>:3 QrhvcV.:* 3:;i y ;> fr; ,f n - r 

FofiJiW nVea^r^rrfenS^f ^achi-tacget. samples . wecerqut , out |rprn^ total -of poin^sho^.)ri .^fe 
were detemifneci by the 'sciissi(5n method stipula t te<J iniilS (J.ap^esejlndu^t^al S^r^ ; v; , 
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Film deposition test 



Each;of Targets A to G was used to ^eposrt a film on an 8in.<lia. Si substrate at an 'Ar gas pressure of 5 mTorrr 
sputter power of 3 kW ( and substrate-target distance bf'50inni.The resistiyjtyjof thejjlm_andjhe dispersion of thejitm . 
thicknessjdistribution were evaluated. i -* = ' &: r j t * ; '*^. 1 : . 

Table'S^Kows r^istivities7tHi3 film thicknesses' necessary for dummy runs. By" 

the film thickness for dummy run is meant the film thickness accumulated onjthe wafer till the film thickneiss distribution ' 
dispersion reaches the numerical value given in Table 3. j j , , I 

DOCUMENT CARRYING CHEMICAL FORMULA OR THE LIKE | 
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[Table 1 


] j ! r r o j j >v ; * ■- 




Target 


Unit" 


Ex. 1 A 


Ex: 2 B 


■ Ex . 3 C 


Exii.4:D-i 


oComp. Ex. 1 E : 


Comp. Ex. 2JF ■ 


- Comp. Ex: 3 G 




Na 


ppm 


0.005 


0.005 


0.005 


0.005 


0.04 


0.04 


' 0.04 ^ ' 


20 


K 




0.005 


0.005 


0.005 


0.005 


0.05 


0.05 


0.05 


Fe 




0.03 


0.03 


0.03 


0.03 


0.9 

-j 


0.9 


0.9 




Ni { 


* J *!/ . • ■ 


0.008- 


-0.008 


0.008/ 


-0.008- 


; - i.o ~ 

, ... ^ r , i ^ 


: --^-v-1.0 


. .,--1.0 




Cr i 




-0:002" 


-o.oq?^- 


- 0:0p2— 


QQ02— 




_ — 0.1 


0.1 


25 


Al 




0.04 i 


0.04 


0.04 


0.04 


) 0.05 j 


»0.05 


0.05 




Ca 




. 0.02 


0.02 ;; 


0.02 


" 0.02" 


V~\-q,2""". 


2 0.2 


r 0.2 




Mg 




0.01^ ' 


0.01 


0.01 


0.01 


2 ; 


! 2 


2; 


30 


C 




0.05 i 


0.05^ 


005 


0.05 


! ^ ! 




i 

1 j 


O 




1 


1 


1 | 


1 


! 4 i 


! 4 i 






Si 




0.1 • 


o.i 


0.1 


0.1 


! 5 ! 


. 5 ! 






Ag 




^'0.2-* 




^J;0.2^'-: 


0.2;* 






,: 15 , 


35 


Ti 




0.03 


0.03 


0.03 


0.03 


5 fc J 


"* ' " - 5' 1 '" 


- ; " 5 ; ' 




B 




0.004 


0.004 


0.004 


0.004 


0.6 


0.6 


0.6 




Zr 




0.02 


0.02 


0.02 


0.02 


7 


7 


7 




Hf 




. 0.006 


j>. 0'.006-f; 


0.006; , 


: 0.006 c - 


. L r, £ * :y0,9;j:j- 2 v- 




j ir . o .0.9 


40 


U 






0.1 


0.1 ; 


0.1 


1.8 


1.8 






Th 








<fcvP.fc OS 






■.1.6,..., 














j.,iT. ><:■■ .tj 






1" j ; / £ ,2r'. * £ ,t , 




45 










\Z 3d Xr- 
os': f • 


-£.rn "j-i y-"'- 


-rue *; v.": ^.5=.£sl->- 






SO 












, ! r. ; j * i »~ £■ v ~\i i !*1 r o J p "> t o v> - :- 




















0 D'.'v^'uq 


c* S nil v 
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[Table 2] 



Target ^ _ r \ 


Ex.^A 


Ex. 2 B . 


?jc- 3 C 


Ex4D 


. Comp. Ex 1 E 


Comp. Ex. 2 F 


Comp. Ex. 3 G 


Grain size (urn) 


150 


200 


460 


150 


120 


250 


_# 


Dispersion bf' J ~ ' 
average grain r v 
size (%) 


\ ^ 


- ±19 ^ 

nM >n: : 


" '±28' ' 


±14 

-.0 be: sijr 


? "±18 ; /'-"- ! ~ 

- s 'Z- ' ■ J i 


- - ±20 1 




1(111)71(200) 


5.2 


2.5 


4.8 


5.2 


->vj :;5.-i 






Dispersion of 
peak intensity 
ratio(%) 


±11 


±19 


±14 


±11 


±13 


±25 


±21 


Half width (deg) 


0.16 


0.20 


0.11 


0.34 


! r a -0.17 


0.17 


0.17 



10 



15 



20 



25 



30 



35 



40 



45 



50 



* Comparative Example 3 involved no recrystaflizatidn; arxj therefore theigrain niza arid tna dispersiort of average grain size.; j 
could not be measured. * ~" J 



£.0 



£0.0 



-[Table 3] 



; eoao f gov q 

[ ...76 "r~^3 



£ ' 0 } 



Target 


Ex. 1 A 


Ex. 2-B- 


.Bc3C- 


-Ex.'4.D- 


Comp..Ex..1.E., 


l.Comp..£x..2.E„. 


..iQornp. Ex. 3G 


Resist'y (u, O * — 
cm) 


—1,35 

j.O t 


-.-1.85 — 


™1.85~~ 

j 


.™.1.85_ 

so.o 


| i-C.O T 


..'..-_L232."„1.J 
. 0 | ^0.0 I 




Thickness dis- 
tri.dispn o(%) 


J 1.5 J 

s I 


_ 1.8 * 


2.3 

! 


1.5 


| -1.5 ■ - 


- j 2.5 -0 . 

,: " i TO 0 


^ ^ 4.0 


Desposition 
thickness neces- 
sary for dummy _ 
run* (um)j 




5 ; 


3; 

i 

J 
i 




! '-0 { 


v T'3, — ' 
* " l j 

i' 1 * i 
.0 * ..0 j 


) 
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' The thickness for cJumrrry nn means the deposition film Sickness required lo be accumulated until the dispersiornof the fflm 



thickness distribution 'reaches the vaiue g'rven in Jaute <3r 
(Results) : ■ ■ - r — - i 



of no mora than 2\i;U • cm. ; [ &\ f " "V.-"- " _T " r ""T^ - 

Excellent uniformity of filrn -thickness distribution was exhibited by th9 films formed with the targets-having an aver- 
age grain sizejrt 250_um or fess, grain size dispersion'within plus or minus 20%^ X-ray ; diffraction! peak intensity ratio. 
1(1 1 1)/l(200), of no less than 2.4, arid peak intensity" fatio^dlspersion with " " ' 

It was confirmed that the film thickness necessary for e dummy run may not be great when the fflm is deposited 
using a target with a peak width at half height in the (1 1 1) plane of less than 0.3 deg. 

[Advantages of the invention] 

The high-purity copper sputtering target according to this invention is capable of producing a copper film of 
extremely low resistivity of no more than 2 u. CI cm and outstanding uniformity of film thickness distribution. Moreover, 
the film thickness of dummy run at the time of sputtering can be decreased. 

Generally, ihere is a relation 



IVS 



where R : resistance, 

H : specific resistivity, 
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L : length, and 

S : cross sectional area. 

Thus, in the case of a film with a resistivity of no more than 2\i CI • cm made in conformity with this invention, the 
5 resistance can be kept low even after wire thinning. 
Also, a relation 

Q = I 2 • R 

10 where Q :Joule heat, and 
I : current 

holds, and the current that flows being the same, the film evolves less Joule heat Compared with a copper deposition 
film with a purity of 99.95%, a 99.9999%-pure copper film of the invention has a lower resistivity, by about 10%. Hence 
75 when the same circuit is made, according to the above equation, the film of this invention can reduce the quantity of 
Joule heat by about 10%. 

Its low resistivity reduces the delay of signal transmission and effects a saving of power consumption. 



20 



Claims K.j 

1. A high-purity copper sputtering tariget characterized by consisting of up to 0.1 ppm each Na^nd K, up to 1 ppm 
each Fe, Ni, Cr, Al, Ca. Mg.up.-tb 5 ppm each carbon and oxygen, up to 1 ppb each U and Th, and, excluding gas- 
eous constituents, more than '99.999% copper. 

/ \ 
25 2. A sputtering target according to claim 1 wherein the averagefgrain size on the sputter surface is 250 *im or below 
and the dispersion of the average grain size from location to location is within plus or minus 20%. 

3. A sputtering target according to claim 1 or 2 wherein the ratio. 1(1 1 1)/l(200), of the X-ray diffraction peak intensity 
1(1 1 1 ) on the (1 1 1 ) plane to the X-ray diffraction peak intensity 1(200) on the (200) plane is at least 2.4 and the dis- 

30 persion of the ratio 1(1 1 1)/l(200) in the sputter surface is within plus or minus 20%. 

* r-\ , > o r ) 1 

4. A sputtering target according to any of claims;! to 3 wherein X-ray diffraction peak width at half height in the sputter 
surface on the (1 1 1);plane is 28 s 0.3 deg. 

\ 

35 5. A sputtering target according to any of claims 1 to 4 wherein it also contains up to 5 ppm each Si, Ag, Tl. Zr, Hf. and 

B. \ / 

6. A sputtering target according to any of claims 1 to 5 wherein it has an electric resistance of 1.9^i n cm or less. 

40 7. A thin high-purity copper film characterized by an electric resistance of 2.0n CI • cm or less produced by sputtering 
with a high-purity copper sputtering target according to any of claims 1 to 6. / 
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